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Outline
= Higgs boson discovery
= Evidence of the decay of the Higgs boson into tau pairs
= Search for Lepton Flavor Violating decays of the Higgs boson
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Try and google “Higgs boson discovery”
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Try and google “Higgs boson discovery”
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S, higgs boson discovery - Google Search

Q. higgs boson discovery paper
<, higgs boson discovery announcement
Q. higgs boson discovery 2012

Q. higgs boson discovery video
S, higgs boson discovery with boosted trees

Lidia Dell’Asta, 3 Wine&Cheese seminar - 27.05.2016



Try and google “Higgs boson discovery”

9000 / New Tab X ‘Udia“

- > C A [0\ higgs boson discovery ]0 & K =

S, higgs boson discovery - Google Search
Q. higgs boson discovery paper

<, higgs boson discovery announcement
Q. higgs boson discovery 2012

S, hi

s boson discovery video

Lidia Dell’Asta, 3 Wine&Cheese seminar - 27.05.2016



Try and google “Higgs boson discovery”

0@ / New Tab X 'Udialj

- > C A [0\ higgs boson discovery 10 & K =

S, higgs boson discovery - Google Search
O, higgs boson discovery paper ]
. the obvious ones ...

<, higgs boson discovery announcement
Q. higgs boson discovery 2012

Q. higgs boson discovery video

and a less obvious one ...
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Where®? The Large Hadron Collider

Lidia Dell’Asta,

Vs [Ldt peak Lumi
2010 7 TeV | 48.1 pbl | 2.1 1032 cm=s!
Runl 2011 7TeV | 5.46fb!l | 3.8 1033 cm=s!
2012 8 TeV | 22.8 bl 7.9 1033 cm®g'!
Run2 2015 13 TeV | 4.2 fb!l 5 10%% cm?g7l
2016 | 13TeV | 0.78fb!l | 3.6 105 cm=gs!
4
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Where®? The Large Hadron Collider

Lidia Dell’Asta,

3.8 103 cm™=g! | Analyses shown here

? 9 1033 cmRg1 based on this dataset

Vs [Ldt peak Lumi

2010 7TeV | 48.1pb! | 3.1 1032 cm<s! |
Runl 2011 7 TeV | 5.46 fb!

2012 8 TeV | 22.8 fb!

2015 13TeV | 4.2 fbl 5 10%3 cm—=g!
Run?2

2016 13TeV | 0.78 bl | 3.6 103 cm=g!

4
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Roadmayp to the observation
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Higgs boson production

q W, Z g %

W, Z o

JF}MAJ’ \v:"\',"\ i) . _________ y
q “H ;ﬁ@

VH ttH

% - Higgs boson production cross sections

E 10 ; my = 125 GeV gF VBF WH 7H ttH

B _ 7TeV  |15.13pb| 1.22pb | 0.8 pb | 0.34 pb | 0.09 pb
8 TeV 19.27 pb| 1.58 pb | 0.70pb | 0.42 pb | 0.13 pb

10 13 TeV 43.92pb| 3.75pb | 1.38 pb | 0.87 pb | 0.51 pb
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http://www.sciencedirect.com/science/article/pii/S037026931200857X
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http://www.sciencedirect.com/science/article/pii/S037026931200857X

Higgs boson decay I SeRRRRERRE T TN
= oB:
T :
S1ol_m A 2z
BR for the decay of Higgs boson into fermions. é
.%02_— E
myg = 1235 GeV H—bb H—T7T H—pu T ¢
BR B7.7% | 6.33% |0.0219% -
1O-gOI | I1C|)0I | I12|0E | I14if0I | I16|OI | I180I | I200

M, [GeV]

= H—bb: highest branching ratio, looked for in associated production.

= Tevatron: 30 excess observed, compatible with Higgs with m; = 125 GeV [Phys.
Rev. D 88 (2013) 052014].
= ATLAS results from Runl: Eur. Phys. J. C 75 (2015) 349 (ttH) and JHEP O1 (2015)

069 (VH).

= H—pp: cleanest final state but tiny branching ration and overwhelming Z/y*—uu
background.
= Possibile with full Rung statistics.
= ATLAS results from Runl: Phys. Lett. B 738 (2014) 68.

= H—vt: here!
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.052014
http://link.springer.com/article/10.1140/epjc/s10052-015-3543-1
http://link.springer.com/article/10.1007/JHEP01(2015)069
http://www.sciencedirect.com/science/article/pii/S0370269314006583

H—17T: analysis strategy

= Analysis performed on 4.5 fb @7TeV + 20.3 fb @8TeV.
= Multi variate analysis (MVA) based on boosted decision trees (BDT).
= Cut-based analysis (CBA) as an independent cross check.
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H—17T: analysis strategy

= Analysis performed on 4.5 fb @7TeV + 20.3 fb @8TeV.
= Multi variate analysis (MVA) based on boosted decision trees (BDT).
= Cut-based analysis (CBA) as an independent cross check.

H—TiepTiep

very clean signature
BR =12.4%
& OS leptons
no had taus
trigger: single- or di-lepton

Fr
e/H e/H

Lep/Lep
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H—17T: analysis strategy

= Analysis performed on 4.5 fb @7TeV + 20.3 fb @8TeV.
= Multi variate analysis (MVA) based on boosted decision trees (BDT).
= Cut-based analysis (CBA) as an independent cross check.

H—TiepTiep H—TiepThad
very clean signature clean signature
BR =12.4% BR =45.6%
& OS leptons 1 lepton
no had taus 1 had tau
trigger: single- or di-lepton  trigger: single-lepton
Fr

e/HU e/
V T y T
‘ ./ Nelu

Ve/u:,

Lep/Lep

Jet(s et(s
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H—17T: analysis strategy

= Analysis performed on 4.5 fb @7TeV + 20.3 fb @8TeV.
= Multi variate analysis (MVA) based on boosted decision trees (BDT).
= Cut-based analysis (CBA) as an independent cross check.

H—T1epTiep H—T1epThad H—>ThadThad
very clean signature clean signature high multijet background
BR =12.4% BR =45.6% BR =42%
& OS leptons 1 lepton & had taus
no had taus 1 had tau trigger: di-tau
trigger: single- or di-lepton  trigger: single-lepton
Fr
e/H e/H ad ad

V1
./ Nelu

Ve/us, V1

Lep/Had Had/Had

Lep/Lep

Jet(s et(s Jet(s
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The ATLAS Experiment
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Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

LAr eleciromagnetic calorimeters

Toroid magnets

Muon chambers Solenoid magnet | Transition radiation tracker

Semiconductor tracker
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The ATLAS Experiment
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The ATLAS Experiment

Run: 204153
Event: 35369265
2012-05-30 20:31:28 UTC
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Electron and muon reconstruction
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Electron and muon reconstruction
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Electron and muon reconstruction
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Hadronic tau reconstruction
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Hadronic tau reconstruction
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= Multivariate hadronic tau identification.

= Use information about shower shape in

calorimeter and tracking detectors.

= TaulD systematic uncertainties: 2.5% for

1-prong taus,
5.6%-6.8% for 3-prong taus.

= Tau energy scale (TES) derived using in situ
calibration based on Z—tTT peak position.
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= Good MET resolution very important for H—Ttt search.
= MET is used in event selection and in M. . reconstruction.
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H—T7T

Outline

= Evidence of the decay of the Higgs boson into tau pairs
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Event Selection & Categorization

= Basic event selection based on final state.

= Additional (minimal) requirements to suppress specific backgrounds
(channel dependent).

= The signal/bkg separation is provided by the MVA analysis.
= Two categories are defined for each channel:

= VBF': two jets with high n separation.

= Boosted: high p-(H)
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Event Selection & Categorization

= Basic event selection based on final state.
= Additional (mminimal) requirements to suppress specific backgrounds

(channel dependent).

= The signal/bkg separation is provided by the MVA analysis.
= Two categories are defined for each channel:
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Event Selection & Categorization

= Basic event selection based on final state.

= Additional (minimal) requirements to suppress specific backgrounds
(channel dependent).

= The signal/bkg separation is provided by the MVA analysis.
= Two categories are defined for each channel:

= VBF': two jets with high n separation.

= Boosted: high p-(H)
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Event Selection & Categorization

= Basic event selection based on final state.
= Additional (minimal) requirements to suppress specific backgrounds

(channel dependent).

= The signal/bkg separation is provided by the MVA analysis.
= Two categories are defined for each channel:

= VBF': two jets with high n separation.

= Boosted: high p-(H)

VBF Boosted
- VBF: 55% VBF: 17%
leplep gef: 41% gef: 64%
o VBF: 65% VBEF: 18%
lep®had gef: 33% gef: 67%
S VBEF: 60% VBEF: 18.5%
had bhad gef: 40% gef: 62%
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Background composition

UlepUhad ThadUhad

= Quite different background

composition across
channels and categories.

= Mainly Z—t 1, misidentified

leptons and v, ,, tOD. E
= Different background >
estimation strategies: data-
driven methods and MC
simulation.
= Normalization of the
background components 3
done in control regions O
(CRs) when possible. "cf)
Otherwise normalized to 8
the theoretical cross m
section.
® Ztautau
S/B VBF Boosted Fakes
@® Top
T1epTiep 0.024 0.011 @® Others
T1epThad 0.017 0.007
ThadThad 0.023 0.011
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Z—TT background - Embedding

@

/= input
event selection

/—TT decay
generation

—
<

@

kinematic
filter

merging of data and
simulated events

®

/—TT decay
simulation

®

A4

reconstruction of the
embedded event
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JINST 10 (R015) PO9018

Z—TT background - Embedding
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Z—TT background - Embedding
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Z—TT background - Embedding
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Z—TT background - Embedding

Apart from t-decays, all properties of a Z—TT
event are modeled by actual Z—uu data.

Major advantages of embedding: Z-boson
kinemastics, jets, MET resolution, pile-up, and

VBF/EWK production are directly modeled by
data.
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Variables used in the Boosted Decision Tree

= Separate BDTs are trained for each channel and category.
= Trained on 8 TeV samples and applied to both 7 and 8 TeV analyses.
= Signal with my = 125 GeV is used.

= Variable chosen according to:
= resonance properties: m(ttv), AR(TtT), et al.
= VBF topology: m(jj), An(jj), et al.
= event activity: scalar & vector pp-sum.
= egvent topology: my, object centralities, py(T,)/pr(Ts), et al.

= Using 6 to 9 variables per channel per category.
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Cross checks

= Need to carefully check all input variables fed into the BDT.

= All input variables are checked in validation regions enriched in major
backgrounds.

= All input variables are checked in the signal regions after categorization
(MMC in low BDT score region).

= All input variable correlations are validated.

= Need also to check that the BDT output is sensible.

= BDT distributions are checked in validation regions enriched in major
backgrounds.

= BDT distributions are checked in the signal regions up to a signal efficiency of
30%.
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Looking at BDT input variables in signal regions
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Ma.ss reconstruction - Missing Mass Calculator
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JHEP 04 (2015) 117
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OO

= Good m(TT) resolution most effective tool against Z—TT.
= m(TT): most highly ranked BDT input variables.
= m(TT) reconstructed by Missing Ma.ss Calculator (MMCOC).

= MIMC is sophisticated technique to reconstruct m(tt) in presence of neutrinos
from t-decays.

= Requirement that mutual orientations of the neutrinos and other decay
products are consistent with the mass and decay kinematics of a tau lepton.

= Better than the collinear mass (collinear approximation not always holds).
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Looking at BDT input variables
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Looking at BDT input variables

UlepUlep
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Looking at BDT input variables

UlepUlep

UlepUhad
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Looking at BDT input variables

UlepUlep

UlepUhad
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Looking at BDT input variables
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Looking at BDT input variables

VBF Category
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Looking at BDT input variables

VBF Category

Boosted Category
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Looking at MMC
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Cross checks

= Need to carefully check all input variables fed into the BDT.

= All input variables are checked in validation regions enriched in major
backgrounds.

= All input variables are checked in the signal regions after categorization
(MMC in low BDT score region).

= All input variable correlations are validated.

= Need also to check that the BDT output is sensible.

= BDT distributions are checked in validation regions enriched in major
backgrounds.

= BDT distributions are checked in the signal regions up to a signal efficiency of
30%.
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JHEP 04 (2015) 117

Background modeling checks
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Signal extraction

VBF Boosted Rest
= Final discriminant of the
analysis: BDT output. SE CR SR CR CR
» Maximum-likelihood fit v/ Z—11 (1 bin) v/ Z—11 (1 bin)
TiepT v . v . X
performed on all categories to eprier & Top (1 bin) & Top (1 bin)
extract the signal strength n.
TlepT v | v/ Top (1 bi v | v/ Top (1 bi X
= 8 SR + 7 CRincluded in the fit. | = " op (& D) op (1 bin)
ThadThad| ¢V X v X ‘/éfrlg plé;2>

JHEP 04 (2015) 117
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Signal extraction

VBF Boosted Rest
= Final discriminant of the
analysis: BDT output. SR| CR SR CR CR
» Maximum-likelihood fit v/ Z—11 (1 bin) v/ Z—11 (1 bin)
T1epT v : v . X
performed on all categories to e /| & Top (1bin) & Top (1 bin)

extract the signal strength . T1o5Tha d/// v/ Top (1bin) | ¢/ | ¢ Top (1 bin) X

»= 6 SR + 7 CR included in the fit.
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Signal extraction

VBF

Boosted Rest
= Final discriminant of the
analysis: BDT output. CR CR
= Maximum-likelihood fit TiepTiep | V/ v/ Z—11 (1 bin) v v/ Z—11 (1 bin) X
performed on all categories to ¢ Top (1 bin) & Top (1 bin)
extract the signal strength n.
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= 6 SR + 7 CR included in the fit.
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Final discriminant in signal regions
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Results

.-% 1 04 |§_I I I I I I I I I I LI | I _I.; IDatla I LI I I I_g
E) E |:| Background (u=1.4) E
GC> . EEE sy LI Background (u=0)
Lﬁ 10 §_ _ - H(125)—1t (u=1.4) _§
: e 3 s Gignificant excess of data events in high
102E . S/B region.
N & = | = Observed (expected) significance at
- ATLAS = 1  mMz=125 GeV corresponds to 4.50 (3.40).
. {s=8TeV,20.3f6" | 5 I
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Channel and Category | Expected Significance () | Observed Significance (o)
TlepTlep VBF 1.15 1.88
TlepTlep BooOsted 0.57 1.72
TlepTlep LOtal 1.25 2.40
TlepThad VBF 2.11 2.23
TlepThad DBoosted 1.11 1.01
TlepThad LoOtal 2.33 2.33
Thad Thad VBF 1.70 2.23
Thad Thad Boosted 0.82 2.56
ThadThad JTotal 1.99 3.25
Combined 3.43 4.54
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Results

L L
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77 Uncert.

40 = Each event is weighted by In(1+S/B) for

20 corresponding bin in BDT-score.

In(1+S/B) w. Events / 10 GeV

= Excess of data events is consistent with
presence of Higgs at 135 GeV.
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Results
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Results

E 5|_| I | L | T T T T T T | T T | T T | T T T I_
+ . H—tt |
B X Best fit i = Best fitted values:
=7 Al V\s=8TeV,20.3 o — 95%C.L. a - +1.3
E \s=7TeV,45f" 68% C.L. ; 1 ggF=1.1 11
3‘_ATLAS 4+ SM prediction ] TT +0.8
- ] =1.6
) m, = 125.36 GeV _ H vaver 0.7
2:_ ........................ _:
i - = Observed (expected) significances:
1_ |
- N e i geF: 1.740 (0950')
oL ] VBF+VH: 2.250 (1.720)
I:I | | L 111 | 1111 | 1111 | | | 1111 | .| | | | 111 I:
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TT
JHEP 04 (2015) 117 N ooF
Measured o xBR [pb] Predicted o xBR. [pb]
: Resu}ts a,:c;e N 7 TeV 1.0 709 (stat.) " H ;(syst ) 1.09 + 0.11
cong}st.en Wi oy 8 TeV 2.1+ 0.4(stat.) " i 0,45yt 1.39 + 0.14
16)2?7 lngOIlS gNl lIl Gluon fusion, 8 TeV 1.7 4 1.1(stat.)" | (syst.) 1.22 £ 0.14
o L contour. VBF+VH, 8 TeV | 0.26 % 0.09(stat.) 7000 (syst.) 0.17 % 0.01
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Results

5 Eur. Phys. J. C76 (R016) 6
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Results - A cut based cross check
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= Cut based analysis performed on 8 TeV
data as a cross check of the MVA analysis.

= Compatible results are observed.

Observed (expected)

significances are 3.20 (2.50)

38

In(1+S/B) w. Events / 10 GeV

Weighted (Data-Bkg.)

[ ATLAS —e Data

L H—> 1t Cut-based analysis —— M(125) (n=14)
Bl Z-
I Others
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7~ Uncert.
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+ — H(125) (u=1.4) —
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LFV Higgs decays

Outline

= Search for Lepton Flavor Violating decays of the Higgs boson
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Introduction

= In the SM, lepton flavor violating (LFV) decays are forbidden.

= [f the theory is re-normalizable up to a finite ma.ss scale, LF'V couplings may be
introduced.

= LF'V decays can occur naturally in several BSM models.

= Indirect experimental constraints are reviewed and translated into constraints on
Br(H — epy,ut,en).

BR(H—pe) < 0(10-%)
LFV decay: limits on BR BR(H—te) < 0(10%)
BR(H—1tpn) <0(10%)

There is room at the LHC to improve H—Tte and H—tpu limits.

= Signature very similar to SM H—tt decays, but:
= lepton from LFV Higgs decay tends to have a larger momentum than in SM case,
= neutrinos are collinear with the tau decay products.
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State of the art - H—et
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et,, 0 Jets
1.63% (exp.)
1.82% (obs.)

et,, 1 Jet
1.54% (exp.)
0.94% (obs.)

et,, 2 Jets

1.59% (exp.)
1.49% (obs.)

et,, 0 Jets
2.71% (exp.)
3.92% (obs.)

er,, 1 Jet
2.76% (exp.)
3.00% (obs.)

et,, 2 Jets

3.55% (exp.)
2.88% (obs.)

H—et
0.75% (exp.)
0.69% (obs.)

CMS Preliminary 19.7 fb™ (8 TeV)

. * Observed

. X Expected

- Expected = 1o
Expected + 20

0 2 4 6 8 10 12 14
95% CL limit on B(H—ert), %

observed 95% CL upper limit on BR:
Br(H—et) < 0.69%
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State of the art - H—ut (a.k.a. CMS excess)
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oroger I SMH
: [ ]Z-w
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------ LFV Higgs, (B=0.84%)

observed 95% CL upper limit on BR:
Br(H—ut) < 1.51%

while expected is: Br(H—ut) < (0.75+0.38) %

slight excess (2.40)
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ut,, 0 Jets
1.32% (exp.)
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[ Phys, Lett, B 720 (2015) 557 |
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X Expected
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Expected = 20
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Br(H—ut) = (0.84*0-39 4 37)%

Wine&Cheese seminar - 27.05.2016


http://www.sciencedirect.com/science/article/pii/S0370269315005638

Analysis strategy

JHEP 11 (2015) 211

Cut SR1 SR2 WCR TCR
= Very similar to the H—17T analysis. pr(1) >26 GeV | >26 GeV | >26 GeV | >26 GeV
= Same background estimation PT(Thad) >45 GeV | >45 GeV | >45 GeV | >45 GeV
strategies. mr(p, E7) >40 GeV | <40 GeV | >60 GeV | —
= Use of MMC (also used as final MT(Thad, EF°) | <30 GeV | <60 GeV | >40 GeV | -
discriminant). n() = n(Thaa)| | <2 <2 <2 <2
= Different signal and control regions. Niet h h h >1
Np_jet 0 0 0 >0
203~ @ - 2 - -
- - . - - N
S - ATLAS _ 9 - ATLAS _ :
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AnaleSiS St’PaJtegy arXiv:1604.07730
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H—et channel

observed 95% CL upper limit on BR:

10° Br(H—et) < 1.04%
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H—1ut channel

B A TL A S £==5 Expected :_:10 B
\s=8TeV [Ldt=2031b" z’;'::‘: +20
L Excluded ]
i . HT o SR1
i - § uT SR2
| _ observed 95% CL upper limit on BR:
i .§ ut__, Comb BI’(H%U.'G) <1.43%
— — while expected is: Br(H—ut) < (1.017940539) %
5 N MT o SRooets very small excess (10) driven by ptnaq channel
I - ,SR_
B : l'l)tlep withJets B Best ﬁt:
N s, Com Br(H—ut) = (0.53 £ 0.51)%
i .§\§| | | LT
0 2 4 6 8 10 12 14
95% CL upper limit on Br(H — ut), % arXiv:1604.07730
Channel Category  Expected limit [%] Observed limit [%] Best fit Br [%]
SR1 1.6015%: 1.55 —0.0710%;
H = iThad SR2 1.751511 3.51 1.9410-92
Combined 1.241“5;32 1.85 0.777:8:23
SRnoJets 2031—823 2.338 031——}_688
H = pumiep SRyithJets 3.57 105 2.85 —1.0371-59
Combined 1.7316.1 1.79 0.0379-58
H — ur Combined 1.011_8:%8 1.43 0.537:8:?%
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To conclude...

= Runl has been fantastic.
= Thanks to LHC’s great performance.

= Discovery of a new particle with mass around 125 GeV and compatible
with Higgs boson predicted by the Standard Model.

= So far, no deviation from SM observed.

= H—1tt channel: coupling to fermions.
= excess with observed (expected) significance of 4.50 (3.40).

= Higgs decay in final states with taus useful to search for lepton flavor
violating decays.

= Rund has just started.
= Challenging environment.

= Small excess from Runl for LFV decays can be confirmed or ruled out
already this year.

= Stay tuned!
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Higgs boson coupling to second generation fermions.
Test if the coupling is flavor universal or proportional to the lepton mass, as predicted by the SM.

= Clean final state, but small BR and overwhelming Z /vy * —puu background.

= Event categorization based on jet multiplicity, p.(uu) and m(up) resolution.
= Cut based analysis with fit of m(up) with analytical bkg/signal shapes.
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5 40F Background model — ] - (=20 .
E + ——— Signal [125] x 50 E O 30:_ _:
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- . X o ]
20~ = > 20 ]
105 = 10 =
O: .............. O:| ey oy by e by by by .:
ST E 120 125 130 135 140 145 150
- 22 4 3 m, [GeV]
A A ARae A eas
2F -
4E = obs (exp) 95% CL limitonpn @ 1235 GeV:
110 115 120 125 130 135 140 145 150 155 160 ATLAS: 7.0 (7.2) x SM
m., [GeV]
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First direct test of
interaction of the
Higgs boson with the
quark sector, as the
coupling to the top
quark has only been
tested through loop
effects.
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Event Selection & Categorization

Channel | Preselection cuts

Exactly two isolated opposite-sign leptons

Events with mThaa candidates are rejected

30 GeV< mY® < 100 (75) GeV for DF (SF) events

Agppe < 2.5

ERss > 20 (40) GeV for DF (SF) events

E?iSS’HPTO > 40 GeV for SF events

p? +pE > 35 GeV

Events with a b-tagged jet with pr > 25 GeV are rejected
01 <,z <1

miMN > my — 25 GeV

TT

Tlep Tlep

Exactly one isolated lepton and one medium 7.4 candidate with opposite charges
Tlep Thad mt < 70 GeV

Events with a b-tagged jet with pr > 30 GeV are rejected

One isolated medium and one isolated tight opposite-sign m,.q4-candidate

Events with leptons are vetoed

Emiss 5 90 GeV

ER points between the two visible taus in ¢, or min[A¢(r, EX%)] < 7 /4

0.8 < AR(Thadl,’T‘hadQ) <24

An(Thad; s Thady ) < 1.5

Thad Thad

Channel | VBF category selection cuts

TenTiep At le.a.st. two jets with p7i > 40 GeV and p? > 30 GeV
An(g1,72) > 2.2

At least two jets with p2? > 50 GeV and p?? > 30 GeV

Tlep Thad An.(jl,jQ) > 3.0

mye > 40 GeV

At least two jets with p2? > 50 GeV and p?? > 30 GeV

ThadThad | P%2 > 35 GeV for jets with || > 2.4

An(j1,j2) > 2.0

Channel | Boosted category selection cuts

Tep Tlep At least one jet with pt > 40 GeV

All Failing the VBF selection
pH > 100 GeV

JHEP 04 (2015) 117
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Variables used in the Boosted Decision Tree

Lidia Dell’Asta,

Variable

MepTlep

VBF

Tlep Thad

Thad Thad

TlepTlep

Boosted

Tlep Thad Thad Thad

NMC
mTT

AR(TI, ’7'2)

An(jlan)

5150

151 X Mo

p%Ot al

Sum pr

pt /PT

EIss ¢ centrality

mf,f,jl

mfl 762

A¢(€17 82)

Sphericity

{1
P

71
P

ER'™/p:

mr

min(Ane, ¢, jets)

C"71,772 (7731) ’ C"h,nz (7732)

C771 112 (773)

C”h P (77j3)

C"?l 712 (7771 )

C”]l 712 (777'2 )
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Variables used in the Boosted Decision Tree

° Ell?issgb centrality: a variable that quantifies the relative angular position of the miss-
ing transverse momentum with respect to the visible tau decay products in the trans-
verse plane. The transverse plane is transformed such that the direction of the tau
decay products are orthogonal, and that the smaller ¢ angle between the tau decay
products defines the positive quadrant of the transformed plane. The E%issgb central-
ity is defined as the sum of the z- and y-components of the EmlSS unit vector in this
transformed plane.

e Sphericity: a variable that describes the isotropy of the energy flow in the event [101].
It is based on the quadratic momentum tensor

5P = % ’l’;pzl (5.1)

In this equation, o and 3 are the indices of the tensor. The summation is performed
over the momenta of the selected leptons and jets in the event. The sphericity of the

event (S) is then defined in terms of the two smallest eigenvalues of this tensor, Ag
and Az,

S = g()\z + ). (5.2)

JHEP 04 (2015) 117
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Variables used in the Boosted Decision Tree

e Object n centrality: a variable that quantifies the 1 position of an object (an isolated
lepton, a T,,q candidate or a jet) with respect to the two leading jets in the event. It

is defined as ,
o m + 772)
C = ex — , 9.3
m .2 (1) = €xp ! (=) (n 5 ] (5.3)

where 1, 71 and 72 are the pseudorapidities of the object and the two leading jets
respectively. This variable has a value of 1 when the object is halfway in n between
the two jets, 1/e when the object is aligned with one of the jets, and < 1/e when the
object is not between the jets in 7. In the mep7ep channel the 7 centrality of a third
jet in the event, Cy, n,(7;;), and the product of the 7 centralities of the two leptons
are used as BDT input variables, while in the TjepThaq channel the 7 centrality of
the lepton, Cy, n,(7¢), is used, and in the 7,,47had channel the 7 centrality of each 7,
Chnymo (Mry) and Chp, . (07, ), is used. Events with only two jets are assigned a dummy
value of —0.5 for Cy, n,(n;3)-

JHEP 04 (2015) 117
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Input Variables - TiopClep VBEF category
g 1 OOO:—Tijesp ::\/F 20.3 b AF::: -
g I —¢— Data 1
S 800, — 0% H029)
Bl (i+single-top
600 I Others |

| Fake lepton 7
72~ Uncert.

Lidia Dell’Asta, 59 Wine&Cheese seminar - 27.05.2016


http://link.springer.com/article/10.1007/JHEP04(2015)117

Input Variables - ©
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Input Variables - ©
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Input Variables - © - VBF category
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Input Variables - ©
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Input Variables
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Event yields - T

lelo-U lep

JHEP 04 (2015) 117

Process/Category VBF Boosted

BDT output bin All bins Second to last bin Last bin All bins Second to last bin Last bin
4 =TT 589 4 24 9.7+ 1.0 1.994+0.34 | 2190 £ 80 33.7+2.3 11.3+£1.3
Fake background 57 + 12 1.24+0.6 0.55 £ 0.35 100 £ 40 29+1.3 0.6£04
Top 131 +19 0.9+04 0.894+0.33 | 380450 9.8+ 2.1 4.3+ 1.0
Others 196 + 17 3.0+£04 1.7 £ 0.6 400 £ 40 8.3+ 1.6 2.64+0.7
geF: H— WW (mpg =125 GeV) 2.94+0.8 0.12 £ 0.04 0.114+£0.04 | 7.7+23 0.43 £0.13 0.24 £+ 0.08
VBF: H - WW 3.44+04 0.40 4+ 0.06 0.38 £0.08 | 1.65+£0.18 0.102 + 0.017 < 0.1
WH: H—->WW < 0.1 < 0.1 < 0.1 0.90 £ 0.10 < 0.1 < 0.1
/H : H—-WW < 0.1 < 0.1 < 0.1 0.59 £ 0.07 < 0.1 < 0.1
geF: H — 77 (mpg = 125GeV) 9.8+ 3.4 0.73 £ 0.26 0.35+£0.14 21 £ 8 2.44+0.9 1.3£0.5
VBF: H — 7171 13.3 £4.0 2.7+ 0.7 3.3+£0.9 5.5+ 1.5 0.95 £ 0.26 0.49 £ 0.13
WH: H— 71T 0.25 £+ 0.07 < 0.1 < 0.1 3.8+ 1.0 0.44 +0.12 0.22 £+ 0.06
ZH: H— 711 0.14 £ 0.04 < 0.1 < 0.1 2.0+ 0.5 0.21 4+ 0.06 0.113 £0.031
Total background 980 & 22 154 +1.8 5.6 +1.4 3080 + 50 55 +4 19.2 £+ 2.1
Total signal 2446 3.54+0.9 3.6 +1.0 33 + 10 4.0+1.2 2.14+0.6
Data 1014 16 11 3095 61 20
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Event ylelds -t T, ,
Process/Category VBF Boosted
BDT output bin All bins Second to last bin Last bin All bins Second to last bin Last bin
Fake background 1680 % 50 8.2+0.9 5.2+ 0.7 5640 £ 160 51.0 & 2.5 223+ 1.8
L =TT 877 4+ 29 7.6 £0.9 4.240.7 6210 &= 170 57.5 £ 2.8 41.1 £ 3.2
Top 82+ 15 0.3+0.4 0.5+0.4 380 £ 50 12+4 4.8+ 1.5
Z = Ul — Thad) 54 4+ 26 1.0+ 0.7 0.30 £ 0.28 200 £ 50 13+4 8.6 £3.5
Diboson 63 + 11 1.0+ 0.4 0.48 £ 0.20 430 4 40 9.7 +£2.2 4.7+1.6
geF: H — 77 (mpyg = 125GeV) 16 6 1.0+ 0.4 1.2+0.6 60 + 20 9.2+ 3.2 10.1 £34
VBF: H — 7171 31 +8 4.5+ 1.1 9.1 +2.2 16 £4 2.5+0.6 2.94+0.7
WH: H— 171 0.6+ 0.4 < 0.1 < 0.1 9.1+2.3 1.34+£04 1.9£0.5
ZH: H — 71T 0.16 4+ 0.07 < 0.1 < 0.1 4.6 £1.2 0.77 4 0.20 0.93 4+ 0.24
Total background 2760 £ 40 18.1£2.3 10.7 £2.7 | 12860 & 110 143 £6 8246
Total signal 48 4+ 12 55+ 1.3 10.3 £2.5 89 4 26 14 +4 16 £4
Data 2830 22 21 12952 170 92
Lidia Dell’Asta 69 Wine&Cheese seminar - 27.05.2016



http://link.springer.com/article/10.1007/JHEP04(2015)117

JHEP 04 (2015) 117

Event yields - T, _.T,

Process/Category VBF Boosted

BDT output bin All bins Second to last bin Last bin All bins | Second to last bin Last bin
Fake background 370 £ 18 2.3+0.9 0.57 £0.29 | 645+ 26 35 +4 0.65 £ 0.33
Others 37+ 5 0.67 £ 0.22 < 0.1 89+ 11 15.9+£2.0 0.92 £+ 0.22
L =TT 475 £ 16 0.6 £0.7 0604 | 223070 93 +4 54+1.6
geF: H — 77 (myg = 125GeV) 8.0 £ 2.7 0.67 £ 0.23 0.53 £ 0.20 21+ 8 9.1 +£3.3 1.6 0.6
VBF: H — 717 12.0 £ 3.1 1.8+ 0.5 3.4+0.9 6.3 £ 1.6 2.8 0.7 0.52£0.13
WH:H — 71T 0.25 £+ 0.07 < 0.1 < 0.1 4.0£1.1 1.94+0.5 0.41 £0.11
ZH: H— 7171 0.16 & 0.04 < 0.1 < 0.1 2.4+0.6 1.13 £ 0.30 0.23 4+ 0.06
Total background 883 £ 18 3.6 1.3 1.24+1.0 | 2960 £ 50 143+ 6 7.0+ 1.8
Total signal 20+ 5 2.5+0.6 3.9+1.0 34 + 10 15+4 2.7+ 0.8
Data 892 5 6 3020 161 10
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Machine Learning Challenge

= The latest H—=TtT results are based on a Multivariate
analysis. HIgQgs '
= We might not be using the MVA with the highest Cha%%e H the H'ggsﬂlgoﬁbpﬂuﬂ'gﬁ
performance.
= Why not put some ATLAS simulated data on the
web and ask data scientists to find the best —
machine learning algorithm to find the Higgs? /‘7’:.
= The challenge: d (7’1
A
= the sample: mixture of H—tT signal and N\ ‘.‘A\‘
corresponding background, from official GEANT4
ATLAS simulation,
= the variables: the one used in the analysis + some
“low level” vars,
= some simplifications: no systematics, only one
signal region, no data driven bkg et al.
= The results:
= great participation: 1785 teams (1942 people)
have participated (i.e. submitted at least one QALLAS AL /... 6.  ©
solution), 35772 solutions uploaded, 136 forum
topics with 1100 posts... erodiiirie i ot S o W s et et
= 20% gain w.r.t. to untuned TMVA. . .
= More discussion with participants is ongoing. https://higgsml.lal.in2ps.fr/

= Will we use MVA more intensively in Run2?

When High Energy Physics meets Machine Learning
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